41]                            ON  THE  FUNDAMENTAL  LIMITS TO  SPEED.
II.
\From "The Engineer," Nov. 18, 1881.]
To obtain an idea of the effect of accelerations, we may take an instance of a moving machine, and supposing its speed to increase, consider which of its parts would give way first. The locomotive seems to afford the best example. Imagine, then, a locomotive to be started down a long incline with the steam fully on; what part of the machine would give WAV first ? In the case of an engine with its wheels coupled, the question may be answered with certainty. The coupling rods would be thrown off. Although perhaps not generally known, this has been shown both theoretically and practically. Anyone with the smallest mechanical insight, observing from a distance a coupled engine in motion, cannot fail to perceive that the rapid up-and-down motion of these rods, which are held only at the ends, must call for great strength to prevent them breaking in the middle. That the strength so called for approaches the actual strength of the rods can. of course, only be ascertained by definite calculation. Six years ago the case of one of these rods was taken as an example, to illustrate to the engineering class at Owens College the effect of accelerations, and the result of the calculation then made was to show that the strength called for when the engine was running at 70 miles an hour was nearer the limit imposed by the actual strength of the material than is usually considered .safe in estimating the size of sucli structures. Thus, instead of 10,000 lb., the stress amounted in this example to 15,000 lb. The fact was surprising enough to arrest attention, and raise a question as to the considerations which had led to the proportions of these rods. On reference to the text-books' and manuals it was found that the effects of accelerations had no place in them, so that it would appear that engineers have had no rule to go by but that of experience; or, in other words, that the dimensions of these rods have been arrived at by the process of trial and failure. All these facts considered, the matter seemed one of no small mechanical interest. For apart from the importance of these rods and the desirability of supplying a theoretically derived formula in place of empirical rules, the experience of the fitness of these rods has been so ample, that as soon as we are in a position to calculate the stresses in their material, they furnish a very important test as to the factor of safety for such parts of machinery. Thus, it appears that while a rule has been laid down that a certain stress is the greatest which the iron in any important part of a